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We will review the crucial AGILE gamma-ray SNR observations focusing on the evidence of 
hadronic cosmic-ray acceleration that has been obtained so far. We discuss data on SNR IC443, 
W28 and W44. We show that in all cases a consistent model of hadronic acceleration and interaction 
with gaseous surroundings can be used to successfully explain the quite complex morphology and 
spectral characteristics of the sources. AGILE, with its crucially important sensitivity near 100 
MeV, is equipped to prove the existence of pi-zero emission. 




FIG. 1: SNR W44 as seen by AGILE for energies greater than 
400 MeV 



I. SNR W44 

The middle-aged ( 20000 yr) supernova remnants 
W44 is located at 3.1 kpc from us. The AGILE/GRID 
instrument detected gamma-ray emission from SNR 
W44 in the energy range 50 MeV - 10 GeV with a sig- 
nificance of 15.8 sigma; gamma-ray ditribution shows 
an extended source with a morphology well correlated 
with the radio shell [9]. 

The AGILE energy band is complementary with re- 
spect to the band 0.2-30 GeV already investigated by 
the Fermi/LAT instrument for the same SNR [1 j. The 
combination of the AGILE/GRID and Fermi/LAT 
data allows to obtain a spectrum showing, with un- 
precedented precision, that the gamma-ray emission 
from W44 is described by a broad peak around 1 
GeV (see figure [2]). With such an accurate spectrum, 
we can precisely deduce the spectral parameters of 
the parent particle population (energy of the spectral 
break, spectral index below and above the break) and 



dimonstrate that these are not compatible with the 
electron population seen by radio continuum observa- 
tions [6]. 

An hadronic scenario can instead adequately explain 
this feature in the gamma-ray spectrum. In figure [2j 
AGILE spectral data, together the radio spectral data, 
are fitted with an hadronic model characterized by a 
magnetic field B=70 fiG and a density n =100 cm -3 . 
A fit of the multi-wavelength data set with leptonic 
models but no good combination of the parameters 
exists that can fit W44 spectrum. 
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FIG. 2: Hadronic model, characterized by B =70 G and n 
= 100 cm3, of the broad-band spectrum of SNR W44 su- 
perimposed with the radio (data points in red color) and 
gamma-ray data of Fig. 2 (in blue color). TeV upper 
limits are also shown. The yellow curve shows the neu- 
tral pion emission from the accelerated proton distribu- 
tion. The green curves show the electron contribution by 
synchrotron (dashed curve) , Bremsstrahlung (solid curve) , 
and IC (dotted curve) emissions. The red curve shows the 
total gamma- ray emission. 

AGILE for the first time proved that Galactic Cos- 
mic Rays are accelerated by SNRs. Moreover, W44 
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spatial distribution shows that the gamma-ray emis- 
sion originates in the shell of the SNR. The large 
dimensions of the source, combined with the good 
imaging capabilities of AGILE for E>400 MeV, allow 
us to detect spectral variation along the SNR shell. 
The energy-resolved spatial distribution shows that 
the bulk of the emission in the 0.4-1 GeV band is gen- 
erated in the northern part of the shell while most of 
the emission in the 1-3 GeV energy band comes from 
the southern part of the shell (see figure [3]). These 
observations are in agreement with several theoretical 
models which predict that, at any given time, protons 
are monochromatically injected in the ISM with an 
energy depending on the magnetic field at that time 
(see, for example, Gabici et al. 8). This will allow us 
to deduce the energy of the protons currently emitted 
by the different part of the SNR, which is crucial for 
understanding the overall acceleration mechanism in 
SNRs. 




FIG. 3: AGILE intensity map for the W44 region in the en- 
ergy range 400MeV-lGeV (Red) and 1-3 GeV (blue). Green 
contours show the radio continuum flux density at 1,4 GHz as 
observed by the VLA (Castelletti et al, 2007) 



[TO] assumes that the N cloud is closer to the CR ac- 
celeration site than the S cloud, considering the en- 
ergy dependence of the diffusion coefficient. If pro- 
tons diffuse in the interstellar medium with a diffu- 
sion coefficient given by D(E) = Dq E - 5 the resulting 
proton energy spectrum is suppressed below a thresh- 
old energy E t ~ RH~ 2 where R is the distance from 
the acceleration site and t the age of the SNR. Fig- 
ure [5] shows the gamma-ray spectra produced by pro- 
tons (through neutral pion decay) interacting with the 
cloud N and S assuming respectively R = 9 and 4 pc. 
This scenario can explain also the morphology of the 
gamma-ray emission seen at different energies ranges 
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FIG. 4: AGILE counts map for W28. The blue circles indicate 
the location of the supernova remnant W28, the black contours 
show the CO intensity emission. 



II. SNR W28 

W28 is a mixed morphology SNR with an age of 
more than 35 000 years located at a distance of about 
1.9 kpc. A system of massive molecular clouds is as- 
sociated to the SNR as revealed by the CO (J = — » 
1) observation carried by the NANTEN telescope [7]. 
Two main peaks in the molecular hydrogen distribu- 
tion can be seen at R.A., dec = 270.4, -23.4 (cloud N) 
and at R.A., dec = 270.2, -24.1 (cloud S, see fig. [§. 
Molecular cloud distribution correlates nicely with the 
gamma ray observations in both the TeV energy band 
[3] and in the E > 400 MeV energy band observed by 
AGILE. However the ratio between the TeV and the 
multi-MeV emission is significantly different for the 
cloud N and the cloud S. In figure [5] the gamma-ray 
spectra for the two clouds are shown. 
The interpretative scenario proposed in Giuliani et al. 
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FIG. 5: Combined AGILE and HESS gamma-ray photon spec- 
tra for cloud N (black) and cloud S (red). The curves represent 
the gamma-ray spectra estimated (accordling to the model pre- 
sented in the text) for the two clouds. 
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FIG. 6: Upper row: Predicted gamma-ray emission for energies greater than 400 MeV (left column), 3 GeV (center column) and 
400 GeV (right column) for SNR W28. Lower row: Maps produced from the AGILE, Fermi and HESS observations of SNR W28. 



(see figure [6]). Assuming that CRs are accelerated in 
a spherical region (indicated by the blue circle), we 
evaluated their tridimensional distribution, N(r,E,t), 
around the SNR, N(r,E,t), as a function of particle 
energy and SNR age, solving the diffusion equation : 

^f'^ = D(E) V 2 N + A [H E)N} + Q(E) 

where b(E) represents the energy losses, and assuming 
an impulsive injection with a spectrum Q(E) ~ E~ 2 - 2 . 
Black countours in figure [6] show the distribution of 
targets (molecular hydrogen) as derived by the obser- 
vations of the NANTEN telescope. 
The sky maps in the upper row of figure [6] refer to 
the gamma-ray emission for energies greater than 400 
MeV, 3 GeV and 400 GeV expected for an age of 
40.000 yrs. We assumed that gamma-ray emission 
is produced by p-p collision between accelerated pro- 
tons and the nuclei of the molecular hydrogen. In the 
lower row are shown the maps produced by the AG- 
ILE, Fermi and HESS W28 observations. 



III. SNR IC 443 

IC 443 is a SNR lying at a distance of about 1.5 
kpc in the Galactic anticenter direction. Radio, opti- 
cal and X-rays emission show a shell structure clearly 
visible, in correspondence of the interaction between 
SNR and ISM that produces a shock. A system of 
molecular clouds is also associated to the SNR, and 



an evidence of the interaction is given by the obser- 
vation of an high value of the ratio CO (J=2-1)/(J 

=1-0) P3J. 

A TeV source has been detected both by MAGIC [5] 
and VERITAS [2 . Thanks to the good angular reso- 
lution of the TeV telescopes it was possible to locate 
the source in a small error box coincident with the 
direction of the most massive cloud. 
AGILE observed gamma-ray emission in this region 
obtaining an error box which is not compatible with 
the MAGIC and VERITAS error boxes [12 . The dif- 
ferent position of the source in the TeV and gamma 
energy ranges implies a difference in the CR spectrum 
or in the target distributions. A possible interpreta- 
tion can be given assuming, as in the case of W28, 
a different distance of the emitting clouds which can 
lead to a different spectrum of the accelerated protons 
seen by the near / far clouds [4j [13] . 

TABLE I: Middle-aged SNRs seen by AGILE. Luminosity 
is given for E > 100 MeV. 



SNR 


Age 


Distance 


Luminosity 




(years) 


(kpc) 


(erg/s) 


W28 


> 35.000 


1.9 


3.3 x 10 34 


IC 443 


30.000 


1.5 


2.4 x 10 34 


W44 


20.000 


2.8 


6.5 x 10 34 


W51C 


> 20.000 


6.0 


7.3 x 10 34 
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